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In this paper, we investigate the effects of electric field, viscosity variation parameter and  porous 
parameter on the generalized dispersion of an unsteady convective diffusion through  a poorly 
conducting fluid in a channel bounded by rigid parallel plates using Generalised dispersion model of 
Gill and Sankarasubramanian.   A two dimensional flow has been considered and the resulting partial 
differential equations have been solved analytically. The relative unsteady dispersion coefficient is 
numerically computed and found that the increase in conductivity variation parameter and decrease 
in viscosity variation parameter, decreases the dispersion coefficient initially and increases gradually.  
We have also estimated the contribution of diffusion and pure convection on the generalized 
dispersion coefficient. The effect of pure convection decreases mean concentration compared to 
combined effect of convection and diffusion. 
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1. Introduction 
Recent developments concerning various 
characteristics of dispersion in blood flow have 
increased interest in fluid dynamical studies.  Apart 
from mass transport in polymer solutions, the 
dispersion of solute in non-Newtonian fluid flow 
has important biological applications, like in the 
study of dispersion of a passive impurity in blood 
flow through arteries.  It is known that blood 
exhibits non-Newtonian behaviour particularly 
when it flows through a system at low shear rates.  
In recent past, many authors have exclusively 
studied the dispersion of solute in non-Newtonian 
fluid flow systems using the classical technique due 
to Taylor (1953), Aris (1956), Fan and Hwang 
(1965), Fan and Wang (1966), Ghoshal (1971), 
Shah and Cox (1974).   
However, Gill and Sankarasubramanian (1970) 
have demonstrated that Taylor-Aris description of 
dispersion process is valid asymptotically for large 
time and they have developed more general theory 
of unsteady convective diffusion valid for all time 
after the introduction of solute.  Since the 
dispersion coefficient is a function of time in this 
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model, it not only enables one to obtain an exact 
solution of local concentration but also accounts for 
the considerable amount of scatter, which is 
generally found in pathological analysis of 
dispersion.  Sankarasubramanian and Gill (1976) 
have extended their earlier theory to include the 
characteristics of non-Newtonian fluid flows when 
the fluid is bounded by rigid boundaries.  Rudraiah 
et al. (2011) have studied generalized dispersion of 
unsteady convective diffusion in couple stress 
poorly conducting fluid bounded by porous layer in 
the presence of an electric field.  Recently 
electrorheological Taylor dispersion of soluble 
matter in a laminar poorly conducting fluid flow 
through a porous medium bounded by parallel rigid 
plates has been studied by Rudraiah et al. (2014).  
In this paper we study electrorheological 
generalized dispersion of a soluble matter in a 
laminar poorly conducting fluid flow through a 
porous medium bounded by parallel rigid plates.  
Therefore, the objective of this paper is to study 
dispersion of poorly conducting fluid through 
sparsely packed porous medium considering the 
effects of viscosity variation in a channel bounded 
by rigid boundaries in the presence of a transverse 
electric field using Generalised dispersion model of 
Gill and Shankarasubramanian (1970).  To achieve 
this objective, this paper is planned as follows.  The 
mathematical formulation, that is the required basic 
equations, boundary and initial conditions are 
specified in section 2 and results, discussions and 
conclusions are drawn in section 4. 
2. Mathematical Formulation 
The physical configuration is as shown in Fig. 1. 
It consists of a rectangular channel bounded on 
both sides by rigid plates and separated by a 
distance 2h apart and electric field is applied on the 
plates.  We assume the flow of a poorly conducting 
fluid to be laminar, fully developed and 
unidirectional flowing through sparsely packed 
porous media with an uniform axial pressure 
gradient considering the effects of variation of 
viscosity.  
We assume that the porous material is isotropic 
and homogeneous so that the thermal diffusivity K, 
molecular diffusivity D and permeability k are all 
constants. Electric field is applied along the x-
direction. 
The relevant equations are: 
2
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𝜕𝑥2
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𝜕𝑦2
)                                (2) 
where u is the velocity in the x-direction in the free 
flow, C the concentration of species,   the viscosity 
of fluid, D the diffusion coefficient and k is the 
permeability of the porous media.  
The no slip boundary conditions on velocity are 
0u at y h                                                     (3)                                                                                                         
Initial and boundary conditions on 
concentration are  
C (0, x, y) = C0   for sxx
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2
1
                              (4b)                                                    
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                                            (4c) 
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                                           (4d) 
0),,(),,( 


 yt
y
C
ytC              (4e)                                               
 C (t, x, y) = finite.                                           (4f)
                                                                                
where C0 is the concentration of the initial slug 
input of length sx  and Eqns. (4a,b) represent the 
initial concentration, Eqns. (4c, d) specify that there 
is no transfer of mass flux at the walls and Eq. (4e) 
specifies that the concentration does not reach 
points far away downstream. 
The non-dimensional form of electric force e xE  
present in equation Eq. (1) is given by 
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 We assume the viscosity variation will be of the 
form  
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                                    (5c)                                                                         
where
 0
 is the reference viscosity and 0 is the 
viscosity variation parameter. 
We introduce the following dimensionless 
variables 
u
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Using eq. (6), eqns. (1) and (2) become 
2
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                    (8)                                                                        
where 1 2B B B  ,  1 0( ) ( )B K p X   ,  
2
2 0 02B KWePe X   ,  
2 2h k    , K D   is 
the ratio of mass diffusion to kinematic viscosity, 
   , 2 20 ( / )eW V h u  is the electric 
number, Pe u h D  is the Peclet number, 
UUUU )(  (non-dimensional velocity in a 
moving coordinate) and ( )X L    is the 
dimensionless axial coordinate moving with the 
average velocity U . 
The dimensionless boundary conditions on 
velocity are  
10  atU                                          (9)                                                                                                     
The non-dimensional initial and boundary 
conditions for   are 
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3. Generalized Dispersion Coefficient 
The solution of Eq. (7) satisfying the condition 
given by Eq. (9) is 
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The solution of Eq.(8) is written as a series 
expansion in the form (Using Gill and 
Sankarasubramanian) 
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where 


1
1
2
1
 dm , is the dimensionless cross 
sectional average  concentration.  
Integrating Eq. (8) with respect to   in [-1,1] 
and using the definition of m  we get  
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We now assume that the process of distributing 
  is diffusive in nature right from time zero (unlike 
the models of Taylor (1953) Aris (1956) Lighthill 
(1969)). One can introduce the generalized 
dispersion model with time-dependent dispersion 
coefficient as 
𝜕𝜃𝑚
𝜕𝜏
= 𝐾1
𝜕𝜃𝑚
𝜕𝜉
+ 𝐾2
𝜕2𝜃𝑚
𝜕𝜉2
+ 𝐾3
𝜕3𝜃𝑚
𝜕𝜉3
+ ⋯,        (14) 
where Ki’s are given by 
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
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 (i = 1,2,3,….)                                                 (15)                 
Here f-1= 0 and i2 is the Kronecker delta.  
Eq. (14) is solved subject to the conditions 
𝜃𝑚(0, 𝜉) = 1      |𝜉| ≤
1
2
𝑋𝑠  
𝜃𝑚(0, 𝜉) = 0      |𝜉| >
1
2
𝑋𝑠  
𝜃𝑚(𝜏, ∞) = 0                                                        (16)
 
Introducing Eq.(15) into Eq. (14), rearranging 
terms and also observing that  
𝜕𝑘+1𝜃𝑚
𝜕𝜏𝜕𝜉𝑘
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Equating the coefficients of 
k
m
k




(k=1, 2, 3…) in 
Eq. (18) to zero, we obtain the following infinite set 
of non-homogeneous, parabolic partial differential 
equations: 
𝜕𝑓1
𝜕𝜏
=
𝜕2𝑓1
𝜕𝜂2
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=
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𝜕𝜂2
− 𝑈∗𝑓1 − 𝐾1(𝜏)𝑓1 − 𝐾2(𝜏) +
1
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1
𝑃𝑒2
) 𝑓𝑘 − ∑ 𝐾𝑖𝑓𝑘+2−𝑖
𝑘+2
𝑖=3                      (23) 
Since   has to satisfy the conditions given by Eq. 
(6) we should have  
........3,2,1,0),0( 0  kf kk               (24a) 
𝜕𝑓𝑘
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(𝜏, −1) = 0,  
𝜕𝑓𝑘
𝜕𝜂
(𝜏, 1) = 0,     k=1,2,3…….  (24b) 
Further 
 ∫ 𝑓𝑘(𝜏, 𝜂)𝑑𝜂
1
−1
= 0       𝑘 = 1,2,3 … …            (24c) 
From Eq. (15) for i = 1, using 0f =1, we get            
𝐾1(𝜏) = 0                                                               (25) 
From Eqns. (15) and (19), we get  
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First we have to solve Eq.(21) for 1f satisfying 
the conditions given by Eq. (24), because Eqns. (22) 
and (23) require 1f  to find 2f  and  2K
respectively. For this, we write  
    ,11101 fff                   (27) 
Where 10f  corresponds to an infinitely wide slug 
which is independent of  satisfying 
10 0 1
df
at
d


                   (28a)                   
and   ∫ 𝑓10𝑑𝜂 = 0
1
−1
                                            (28b) 
𝑓11 is -dependent.  
The Eq. (21) using Eq. (19), becomes 
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Equation (30) is well-known heat conduction 
type and its solution satisfying Eq. (24) is of the 
form  
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Substituting Eq. (35) in to Eq. (36) and 
integrating we get 
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We note that Eq. (14) has no physical meaning 
as it stands. We, however, found that 𝐾3(𝜏), 𝐾4(𝜏) 
and so on are all zero. 
Thus  
2
2
2
X
K mm




 


                                             (37)                                                                                          
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1 20
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1 2 2 2 1 1 1
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4C C sinh 4A C sinh
4A C sinh 4B C cosh sinh
4B C cosh sinh 2B
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    
    
   
     (38) 
This form, though similar to the Taylor’s (1953) 
model, differs from it due to the fact that the most 
dominant dispersion coefficient 2 ( )K   is time 
dependent.  
It will be useful if we have an estimate of the 
separate contributions of diffusion and pure 
convection on dispersion coefficient. To that end we 
now evaluate the contribution of pure convention, 
the result of which cannot be obtained from the 
above general case. Following the earlier procedure 
2 ( )K  for pure convection (i.e. neglecting the 
diffusion terms in Eq. (8)), is given by (38).                                                                                                                                
The exact solution of (12) subject to (16) is given by  
1 2 2( , ) [ ( ) ( )]
2 2 2
X Xs s
erf erfm T T
 
  
 
 
 
which is the usual diffusion equation. 
 𝑇 = ∫ 𝐾2(𝑧)𝑑𝑧
𝜏
0
     and dzexerf
x
z


0
21
)(

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In what follows mcd  refers to mcd based on Eq. 
(36) (i.e. convection +diffusion) and mc  refers to 
mc  based on Eq. (38) (i.e. pure convection). 
4. Results and Discussion 
The electrorheological dispersion in a poorly 
conduting fluid through sparsely-packed porous 
medium bounded by rigid boundaries is studied 
using generalized dispersion model of Gill and 
Sankarasubramanian (1970). The most dominant 
dispersion coefficient 
2
2 )(
 PeK  given by Eq. 
(36) is computed for different values of porous 
parameter  and the dimensionless time  for 0
=10, We = 1.2, Pe =100. The results are tabulated 
in table 1 and table 2.  From table 1, it is clear that 
the increase in conductivity variation parameter , 
decreases the dispersion coefficient initially for 
1 and gradually increases for 1 .  From table 
2, it is clear that the decrease in viscosity variation 
parameter 0  decreases the dispersion coefficient 
initially for 1 and gradually increases for 1 .  
Table 3 gives the values of mean concentration m  
versus x for different values of  and  and fixed 
values of 05.00  , 100  , 100Pe  and 
2.1We .  From this table it is clear that as   
increases, m  also increases for 1.0x and 
05.0x  whereas m decreases for 0x .  This is 
due to the flattening of velocity curves as 
conductivity variation parameter  decreases and 
viscosity variation parameter 0  increases.  Table 4 
gives the velocity of poorly conducting fluid for 
different values of viscosity variation parameter 
where we notice the non-parabolic velocity profiles. 
 
Table 1: Values of 
2
2 )(
 PeK   versus time  for different values of  and α 
 
01.0  02.0  01.0  02.0  01.0  02.0  
10  10  8  8  6  6  
0.01 0.00029514 0.00023111 0.00040252 0.00032017 0.00058637 0.00048112 
0.1 0.00169830 0.00168419 0.00241012 0.00238599 0.00364249 0.00360558 
1 0.00252011 0.00254887 0.00362210 0.00364752 0.00556033 0.00558051 
10 0.00252022 0.00254899 0.00362226 0.00364770 0.00556060 0.00558079 
100 0.00252022 0.00254899 0.00362226 0.00364770 0.00556060 0.00558079 
 
Table 2: Values of 
2
2 )(
 PeK   versus time  for different values of  and 0  
 
0 = 0.05 0 = 0.04 0 = 0.05 0 = 0.04 0 = 0.05 0 = 0.04 
10  10  8  8  6  6  
0.01 0.0002951 0.0002937 0.0004025 0.00039981 0.0005863 0.00058052 
0.1 0.0016983 0.0016978 0.0024101 0.00240915 0.0036424 0.00364020 
1 0.0025201 0.0025203 0.0036221 0.00362246 0.0055603 0.00556085 
10 0.0025202 0.0025204 0.0036222 0.00362263 0.0055606 0.00556111 
100 0.0025202 0.0025204 0.0036222 0.00362263 0.0055606 0.00556111 
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Table 3: Values of mean concentration m  versus x for different values of  and  and fixed values of   05.00  , 
100  , 100Pe , 2.1We  
x 
01.0  02.0  01.0  02.0  01.0  02.0  
10  10  8  8  6  6  
-0.1 0.000112 0.000133 0.000962 0.001052 0.005242 0.005455 
-0.05 0.042007 0.043438 0.062894 0.063886 0.082078 0.082506 
0 0.300759 0.297303 0.252910 0.250670 0.205267 0.203971 
0.05 0.042007 0.043438 0.062894 0.063886 0.082078 0.082506 
0.1 0.000112 0.000133 0.000962 0.001052 0.005242 0.005455 
 
Table 4: Values of Velocity (U) versus  for different values of viscosity variation parameter 0 and for fixed values
01.0 , 100Pe , 2.1We , 10  
U 0 = 0.02 0 = 0.03 0 = 0.05 
-1 -4.72×10-9 -1.37×10-10 -3.14×10-10 
-0.5 0.005492359 0.005492271 0.00549209 
0 0.005499512 0.005499518 0.00549953 
0.5 0.005433538 0.005433635 0.00543382 
1 0 0 0 
 
The most dominant dispersion coefficient 
2
2 )(
 PeK  given by Eq. (36) is computed for 
different values of porous parameter  and the 
dimensionless time  for  = 0.01, 0 = 0.05, 0
=10, We = 1.2, Pe =100. The results are graphically 
represented in figure 2. From this figure, it is clear 
that the increase in  decreases the axial dispersion 
coefficient. From the tables and Fig. 2, it is clear that 
dispersion coefficient increases as   increases and 
becomes independent of for large values of .   
 
 
Fig. 1: Physical configuration 
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Fig. 2: Plots of 
2
2 )(
 PeK   versus dimensionless time   for different values of  . 
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Fig.3: Comparision of results of convective diffusion for the mean concentration distribution m  with that of pure 
convection for different values of  . 
 
The transport of major metabolisms (such as 
sugars and amino acids) is rather slow and 
convective transport plays a major role in 
accelerating them. Therefore, we have plotted the 
variation of mean concentration m  with axial 
distance x for a fixed  in Figs. 3 and 4. These figures 
reveal a marked variation of m  with time and the 
effect of  is to increase the concentration 
distribution, a result that is true for combined 
convection plus diffusion and pure convection.  In 
both the figures we note that peak of mcd is more 
compared to mc . Figs. 5 and 6 represent the 
variation of concentration of a tracer along the 
pressure gradient, at a given point, with  for 
different values of . In Fig. 5, the observation point 
is inside the concentration slug whereas in figure 6 
it is outside. In figure 5, the observation point is 
close to the entrance and the influence of  on m  is 
negligible, also pure convection has a major 
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contribution to
 m
 . From Fig. 6, it is clear that the 
effect of pure convection is decreased by the same 
magnitude when the observation point gets farther 
and farther away from the entrance. We see that the 
dispersion (molecular diffusion and convection) is 
faster, i.e. the parabolic nature of m  with  at a 
fixed x/h if the observation point is far away from 
the entrance. In these figures we note that m  for 
convection and diffusion and m  for pure 
convection increases with increase in  and we note 
that, mcd curve is above mc . In other words the 
porous parameter significantly influences m . 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Comparision of results of convective diffusion for the mean concentration m  with that of pure convection for 
different values of  . 
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Fig.5: Comparision of results of convective diffusion for the mean concentration m  with that of pure convection for 
different values of  . 
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Fig.6: Comparision of results of convective diffusion for the mean concentration m  with that of pure convection for 
different values of  . 
 
5. Conclusion 
Increase in porous parameter, decreases the 
dispersion coefficient thereby increasing the mean 
concentration. The effect of electric field is to 
increase the dispersion coefficient and decrease the 
mean concentration. Decrease in viscosity variation 
parameter, increases the dispersion coefficient 
thereby decreasing the mean concentration. 
Velocity profiles are non-parabolic in nature and 
flatten with the increase in viscosity variation 
parameter. 
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